Abstract. We present the first results of a program to identify the unknown bright active galactic nuclei (AGN) in the ROSAT All Sky Survey Bright Source Catalog (RASS-BSC). We have used log C + 0.4 R as an alternative expression for log(f X /f opt ), where C is X-ray count rate and R stands for R magnitude. Then a high X-rayto-optical flux ratio criterion has been used to select an AGN sample with 165 unidentified X-ray sources for optical spectroscopy. Those 165 X-ray sources have been identified in the following classes: 115 emission line AGN (QSOs and Seyferts), 2 BL Lac objects and 4 BL Lac candidates, 22 clusters of galaxies, 12 Galactic stars and 10 objects remain unidentified. This represent a success rate of about 73% for detecting AGN using our selection criteria. Plausibility is based upon the optical classification and X-ray characteristics of the sources.
Introduction
During the ROSAT All-Sky Survey (RASS; Voges 1992 Voges , 1997 ) about 80000 X-ray sources with a detection likelihood ≥ 10 were detected, from which 18 811 sources having a PSPC count rate larger than 0.05 cts s −1 and detection likelihood ≥ 15 were compiled in the RASS-BSC (Voges et al. 1996a ). More than 65% RASS sources remain unidentified (Voges et al. 1996b ). The optical identification of this large numbers of X-ray sources is a challenge. In order to obtain the statistical classification of the RASS sources, several optical identification programs have been carried out (Appenzeller et al. 1998; Fischer et al. 1998; Hasinger et al. 1998; Schmidt et al. 1998 ; Thomas et al. 1998 ).
The identification of X-ray sources has proved to be an effective means of creating samples of Active galactic nuclei (AGN). The present program aims at creating a new bright sample of AGN which have the highest X-ray-tooptical flux ratios for statistical investigation. The results of the EMSS (Stocke et al. 1991) have shown that different classes of X-ray sources represent different narrow ranges in the X-ray-to-optical flux ratios. These bounds mean the X-ray sources with Galactic and extragalactic counterparts can be separated at high confidence level prior to any optical spectroscopy (Maccacaro et al. 1988) .
Sections 2 and 3 review the creation and follow-up optical spectroscopic observations of the sample. Section 4 gives details of the optical identification procedure. The final section presents the results. A Hubble constant of H 0 = 50 km s −1 Mpc −1 and cosmological deceleration parameter of q 0 = 0 are used throughout.
Sample selection
The alternative expression for X-ray-to-optical flux ratio log(f X /f opt ) comes from the statistical analysis of known RASS-BSC X-ray sources. The sources which have an entry in SIMBAD, NED, the catalogs of AGN (Véron-Cetty & Véron 1996) , or other available databases are considered as known.
The X-ray sources with the highest X-rayto-optical flux ratio are: BL Lac objects, emission line AGN, clusters of galaxies etc. However, X-ray flux is difficult to evaluate before optical identification. Although for a given spectral energy distribution the conversion of X-ray count rate to flux depends on the column density N H , the X-ray flux (f X ) is nevertheless roughly proportional to the count rate (C), so X-ray flux in the X-ray-to-optical flux ratio criterion can be replaced by X-ray count rate, i.e., log(f X /f opt ) ∝ log C + 0.4 R+ constant, where we use the R magnitude flux to represent the optical flux. For fixed log(f X /f opt ), log C + 0.4 R = constant. According to our statistical analysis of known RASS-BSC X-ray sources, we found that there is an apparent gap between Galactic stars and extragalactic objects. As can be seen in Fig. 1 , 92% AGN concentrate in the region: log C ≥ −0.4 R + 4.9. O−M spectral type stars in this region are only 3% of its total amount included in the statistics. Thus, choosing log C ≥ −0.4 R + 4.9 is expected to be efficient for the preselecting of AGN and can avoid too many O−M stars being included in the sample.
Considering the observatory site, instruments and possible observation times, we selected our sample from RASS-BSC according to the following criteria: 1. Unknown sources which do not have an entry in SIMBAD, NED, or other available databases. 2. Declination δ ≥ 3
• . 3. Galactic latitude |b| ≥ 20
• . 4. Optical counterparts within a circle with radius r = r 1 + 5 , where r 1 is the RASS position error given by Voges et al. (1996) . 5. Optical counterparts with R magnitudes between 13.5 and 16.5. 6. log C ≥ −0.4 R + 4.9. For the search of optical counterparts we adopt the error circle with radius r, 87% of known AGN are found within r from X-ray position. For each object inside the error circle, we obtain its R magnitude from USNO-A1.0 1 and check whether it satisfies the flux ratio criterion. Only X-ray sources which have at least one object inside the error circle which meets the criterion are included in the sample. A sample with 165 unidentified X-ray sources with Right Ascension between 19 h and 8 h was selected for optical spectroscopy from RASS-BSC. Table 2 summarizes the general information for the observed objects as following: Column (1): ROSAT (1RXS J) source designation.
Columns (2) & (3):
Optical right ascension α and declination δ of the proposed optical counterpart 2 (epoch 2000.0) derived from the Digitized Sky Survey (DSS) 3 images which should be better than 2 (Irwin et al. 1994) . Column (4): ROSAT X-ray position error as given in RASS-BSC. Column (5): Angular Separation between the X-ray source and the proposed optical counterpart in arcsecond. Column (6): ROSAT total count rate (in counts s −1 ) as given in RASS-BSC.
Column (7): Hardness ratio HR1 = (B − A)/(B + A),
where A means the count rate in the energy range 0.1 − 0.4 keV and B in the energy range 0.5 − 2.0 keV.
Column (8):
where C means the count rate in the energy range 0.5 − 0.9 keV and D in the energy range 0.9 − 2.0 keV. Column (9): Extent in arcsecond as given in RASS-BSC.
Columns (10) & (11):
The R and B magnitudes obtained from USNO-A1.0 with an accuracy between 0.25 and 0.40 magnitudes depending on the declination (Monet et al. 1996) .
Optical spectroscopic observations and data reduction
All sources were investigated during several observing runs performed at Xinglong station, Beijing Astronomical Observatory (BAO) from November 1996 through September 1998. The low resolution spectra were taken with the BAO 2.16 m telescope and the OMR spectrograph, using a Tektronix 1024 × 1024 CCD as detector. Two gratings of 300 g mm −1 and 150 g mm −1 were employed in order to get large wavelength coverage. All observations were made through a 2.3 slit which produced a resolution of 10 to 11Å and 20 to 22Å as measured from the comparison spectra. Exposure time was generally between 1200 s and 3600 s depending on the brightness of the object. For a few objects, observations were performed twice in order to get a higher S/N ratio spectrum. All observations were obtained at airmass less than 1.5.
The raw two-dimensional data were reduced following standard procedures using the IRAF program package. The CCD reductions included bias subtraction, flatfield correction and cosmic-ray removal. Wavelength calibration was carried out using helium-neon-argon lamps taken at the beginning and end of the night. The flux calibration was derived with 2 to 3 observations of KPNO standard stars (Massey & Strobel 1988) per night. The atmospheric extinction was corrected by using the mean extinction coefficients for Xinglong Station, which were measured by Beijing-Arizona-Taiwan-Connecticut (BATC) multi-color survey (Yan 1995) . The telluric O 2 absorption bands at 6870Å and 7620Å were not removed. The final calibrated spectra are shown in Fig. 2 . Some of the spectra were taken under nonphotometric conditions so that the flux density scale given in the figures should be used only as a rough guide to the brightness of the sources.
Criteria for classification
The optical spectra are classified in a manner similar to related optical identification programs of X-ray sources (Stocke et al. 1991; Appenzeller et al. 1998) . In the present investigation the plausibility is based on the optical classification and X-ray characteristics like hardness ratios and extension parameter. In many cases an unambiguous identification of an object as optical counterpart is possible using only the spectroscopy and imaging information from the POSS. However, we found a few cases where the optical classification alone does not allow a decision whether the proposed optical counterpart to the X-ray source is a plausible one. In these special cases additional information on the nature of the X-ray sources derived from RASS-BSC was used to check the plausibility. Bade et al. (1994) discussed the X-ray properties of white dwarfs (very soft X-ray colors) and nearby clusters of galaxies (hard and extended X-ray emission). Pietsch et al. (1998) also used a conservative extent criterion (extent likelihood > 10 and extent > 30 ) as an indicator that the X-ray emission does not originate from a nuclear source.
The redshifts of the spectral features are used to discriminate between X-ray sources with Galactic and extragalactic counterparts. Since our spectral resolution is insufficient to detect emission components in the Ca ii resonance lines, we use Balmer emission components as tracers for coronal activity. Among 12 Galactic stars, 3 are M stars with molecular absorption bands, 3 are white dwarfs with very blue continuum and broad Balmer lines in absorption, and 6 are cataclysmic variable stars with Balmer emission lines present in the spectra.
Extragalactic counterparts in the sample are classified with emission line AGN, clusters of galaxies, BL Lac objects and their candidates. Generally, normal galaxies are not expected to be strong X-ray emitters and plausible candidates for the sample's counterparts. Objects with broad (F W HM > 1000 km s −1 ) and strong (W λ 5Å) permitted emission lines are classified as emission line AGN. The spectroscopic and imaging criteria required to identify an X-ray source as a cluster of galaxies involve the spectrum of a normal galaxy and visual evidence for the cluster on the POSS.
Indications pointing to a BL Lac nature of a specific source are: absence of emission lines with W λ ≥ 5Å, contrast of the Ca ii break from the host galaxy small than 25%. Four objects with seemingly normal galaxy spectra are classified as BL Lac candidates due to their centimeter radio fluxes, high X-ray luminosities and consistent (α ox , α ro ) values. The use of the α ox − α ro diagram for classification was discussed by Stocke et al. (1991) and Nass et al. (1996) . It was noticed that X-ray selected BL Lac objects contain a greater percentage of starlight due to the underlying galaxy than radio-selected BL Lac objects. Browne & Marchã (1993) also pointed out the possibility of misclassified X-ray sources as elliptical galaxies or clusters of galaxies. We tried without success to find other plausible counterparts since other objects visible on the POSS within the error circle are too faint to be observed with the 2.16 m telescope. However, we can not exclude that the counterparts are among these faint objects. Further observations, imaging and spectroscopy, are needed in these fields. Table 1 gives the X-ray parameters for these four BL Lac candidates. The X-ray flux is the unabsorbed flux in units of 10 −12 ergs cm −2 s −1 and has been computed assuming a power law spectrum and Galactic absorption. The radio fluxes at 1.4 GHz are taken from the NRAO VLA Sky Survey (NVSS, Condon et al. 1998 ). The twopoint spectral indices α ox = −log(S 2keV /S 2500Å )/2.605 and α ro = log(S 5 GHz /S 2500Å )/5.38 (Stocke et al. 1985; Tananbaum et al. 1979 ) have been K-corrected for the redshift of the object by assuming spectral slopes within each band of α r = −0.7; α x = −1 and α o = −1.4 (Ghisellini et al. 1986 ). X-ray photon index for a power law fit with Galactic absorption.
Results
At present over 93% of the 165 X-ray sources have been successfully identified in the following classes: 115 emission line AGN (QSOs and Seyferts), 2 BL Lac objects and 4 BL Lac candidates, 22 clusters of galaxies, 12 Galactic stars. The other 10 X-ray sources remain unidentified because the proposed stellar counterparts are too faint to be the likely X-ray emitters. This represents a success rate of about 73% for detecting AGN using our selection criteria.
The final results of the identification are listed in Table 2 containing the following information in Cols. 12 to 14:
Column (12): Identification classification of the counterpart based on the criteria described in Sect. 4. The abbreviations have the following meanings: "QSO": quasi-steller object (unresolved or resolved object with M B < 23 showing a Seyfert 1 spectrum). "Sey": Seyfert galaxy. "BL": BL Lac object. "BL can": BL Lac candidate. "CL": cluster of galaxies. "WD": white dwarf.
"CV": cataclysmic variable star. "M": M star. Column (13): Average redshift for extragalactic counterpart.
Column (14): Absolute B magnitude calculated with the formula used by Véron-Cetty & Véron (1996) for emission line AGN.
